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Abstract 
Yield losses caused by chickpea chlorotic dwarf virus in chickpea were estimated by comparing unin- 
fected and infected plants in the field at two locations in India. When infection was before flowering, 
yield losses of individual p/ants amounted to nearly 100% in the three cultivars tudies. Plants that became 
infected uring flowering had yield losses of 75-90%. Percentage of crop loss is likely to equal per- 
centage of disease incidence, since plant densities in farmers' fields are probably too low to allow unin- 
fected plants around infected ones to compensate he yield losses of infected plants. 
Chickpea chlorotic dwarf virus (CCDV) is a 
newly-described geminivirus infecting chickpea, 
Cicer arietinum [Horn et al., 1993]. This virus is 
transmitted by the leafhopper Orosius orientalis, 
and infects tobacco species and so-called 'cool- 
season' legumes, like Phaseolus bean (Phaseolus 
vulgaris), faba bean (Vicia faba), lentil (Lens escu- 
lenta) and pea (Pisum sativum). Surveys con- 
ducted uring the 1991/1992 season revealed that 
CCDV is widely distributed in India, and that 
it was the most important chickpea virus in 
Rajasthan (India) and in Pakistan [Horn, 1994]. It 
is one of the viruses causing symptoms similar to 
those described for chickpea stunt by Nene et al. 
[1991]. They include plant stunting, internode 
shortening, phloem browning in the collar region, 
and leaf reddening in desi-type, and yellowing in 
kabuli-type chickpeas [Horn et al., 1993]. Other 
viruses associated with chickpea stunt symptoms 
in the literature are bean leafroll luteovirus 
(BLRV; synonym for pea leafroll virus) in Iran 
and India [Kaiser, 1972; Reddy et al., 1979], 
beet western yellows luteovirus, legume yellows 
luteovirus (probably a strain of BLRV), and sub- 
terranean clover red leaf luteovirus in California, 
USA [Bosque-Perez and Buddenhagen, 1990]. An 
additional luteovirus, tentatively called chickpea 
luteovirus (CpLV), found in India, Pakistan, Syria 
and Turkey [Horn, 1994], is yet to be character- 
ized. Since these viruses cause symptoms in 
chickpea that are indistinguishable, serological 
techniques, uch as ELISA, are essential to dis- 
tinguish them. 
Chickpea plants that become infected with 
CCDV at an early stage of development ormally 
do not produce any pods. The above-described 
symptoms are followed by rapid plant decline, and 
very few early infected plants survive. Kaiser and 
Danesh [1971] reported that in Iran BLRV caused 
90-100% yield loss in chickpea when plants were 
aphid-inoculated. In chickpea naturally infected 
with chickpea stunt in India, Kotasthane and 
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Gupta [1978] reported 80-95% yield reduction. 
This observation was based on natural incidence 
of chickpea stunt and the causal virus was not 
identified. 
This paper eports on the yield losses caused by
CCDV in chickpea under natural conditions as 
determined by comparing the yield of infected 
plants with those of uninfected neighbouring 
plants during the 1991/1992 season. 
Two chickpea genotypes, viz. 'ICCV 10' (desi) 
and 'ICCV 2' (kabuli), were tested at ICRISAT 
Center (Patancheru, Andhra Pradesh, South India, 
18 ~ N), and one, viz. 'WR 315' (desi), at Hisar 
(Haryana, North India, 29 ~ N). In each experi- 
ment, plants with stunt-like symptoms were 
selected, numbered and tagged on two different 
dates. From each tagged plant three leaves were 
collected and tested in DAS-ELISA with CCDV 
antiserum, as described by Clark and Adams 
(1977). ELISA plates were incubated with CCDV- 
IgG (2 btg m1-1) for 2 h at 37 ~ and washed. 
Triturates from the samples in buffer (10 ml g-~ 
tissue) were added to the wells and incubated for 
2 h at 37 ~ After washing, the plates were incu- 
bated with CCDV-IgG alkaline phosphatase con- 
jugate (gg m1-1) for 1 h at 37 ~ After another 
washing, the substrate p-nitrophenyl phosphate 
was added. Plants that were found infected with 
CCDV were used for the yield-loss assessment. 
When harvesting the tagged, CCDV-infected 
plants, three healthy-looking neighbouring plants 
were also harvested (Fig. 1). The yield of indi- 
vidual infected plants was compared with the 
average yield of its three apparently healthy neigh- 
bouring plants. These differences were then 
statistically analysed, using a t-test. In each field 
50 randomly selected, healthy-looking plants were 
also harvested individually for measuring their 
yield. 
At Patancheru, 32 plants of 'ICCV 10' were 
found to be infected during flowering and only 9 
plants of 'ICCV 10' in the same field were found 
to have become infected since the first observa- 
tion date. In the case of 'ICCV 2', 80 and 39 plants 
were found to have become infected when the crop 
was at the flowering and pod-setting stages, 
Fig. 1. CCDV-infected chickpea plant (left) and three healthy neighbouring plants, immediately after harvest. 
respectively. At Hisar, 42 plants of 'WR 315' were 
found to be infected before flowering and an addi- 
tional 24 during flowering. 
' The average yields of diseased and apparently 
healthy plants, estimated yield losses, and results 
of the statistical analysis are presented in Table 
1. The results show that CCDV could cause 
considerable yield losses in chickpea plants, i.e. 
75-100%, at both locations, in all three chickpea 
genotypes, and at both dates of observation. These 
losses were far beyond the standard error. When 
symptoms were already present at the flowering 
stage, yield losses were close to 100%. When 
they were only present at the pod-filling stage, 
indicating that the plants had become infected 
during flowering or later, yield losses were 
slightly lower, but still considerable (75-90%). 
The most vulnerable cultivar, WR 315, which 
suffered 100% yield loss when infected before 
flowering, is currently widely grown by farmers 
in North India. 
If incidence of diseased plants is low and they 
are scattered throughout the field, neighbouring 
plants in dense crops (300,000 plants ha -l for 
chickpea) and at high soil fertility may compen- 
sate for declining or dead plants [Bos, 1982]. The 
yields of healthy plants, which were randomly 
selected in each experiment, were all in the same 
range as those of healthy plants located near 
infected plants. This indicates that no significant 
compensation occurred in these experiments. On 
this basis it is assumed that in farmers' fields in 
North India and Pakistan, where the crops are 
often raised at medium densities (100,000- 
200,000 plants ha-l), hardly any losses encoun- 
tered by CCDV-infected plants were compensated 
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for by the enhanced evelopment of healthy neigh- 
bouring plants. Since infection often leads to 
complete loss of yield by the infected plant, under 
such conditions, percentage of yield loss per 
field is likely to be more or less the same as the 
percentage of diseased plants. This further empha- 
sizes the potential threat of CCDV to chickpea 
cultivation. 
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